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Abstract 
Computer science is a very broad field of knowledge which knows no boundary and with every passing day it seems only 
legitimate that we consider it as the next stage of social and human evolution. However, evolution is only possible if the 
knowledge in hand can contribute towards prosperous development or somehow manages to mitigate any sort of impending 
negativity. In India, one of the major drawbacks, which affect not only the social but also the economical backbone of the 
country, are the natural and man-made disasters. In time of dire catastrophe one needs simple and cheap solutions rather than 
expensive alternatives. Keeping this in focus, the paper presents certain modified algorithms which, if implemented correctly and 
in time, can prove to be a real boon in time of disasters and catastrophes. 
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1. Introduction 
India experiences, witnesses and is affected by various disasters very often but never does the same disaster 
repeat itself within a small return period. This might appear to be a good factor but actually it is just the opposite. 
India has a vast geographical expanse and being prepared for a particular disaster in a particular prone zone, is a little 
impractical, considering the fact that a major earthquake would strike India after a decade’s interval, that too at 
places which are thousands of kilometers apart. Had India witnessed disaster more regularly, India would have had 
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more preparedness and more awareness amongst the ever-increasing population. However, things cannot be left to 
rest at this. Efforts are to be made to ensure that each and every aspect of the disaster management cycle, post the 
Impact phase, functions as efficiently as possible. 
 
 
 
 
 
 
 
 
 
 
 
 
 
  
 
Fig 1. Disaster Management Cycle. 
 
Figure 1 explains the relevance of humanitarian logistics in the field of disaster mitigation and management. The 
Emergency Phase i.e. the Response Phase demands a very high attention and it is on these grounds that one can infer 
that these are the phases when handling and managing resources becomes a prime concern. It is often seen that 
distribution of resources, be it by the governmental authorities or non-governmental ones, are very inefficient. First 
of all, the selection of necessary items that is to be sent becomes a problem due to the lack of categorization, co-
ordination and logistic evaluation. Secondly, the quantity of items is also an issue as there has been many an instance 
where the quantity of necessary items was much lesser than those items which were not predominantly necessary. 
Thus, the lack of field knowledge and communication amongst the field workers and the rescue and relief operation 
organizations cause havoc and tunes down the impulse of relief and rescue to a meager zero. Disasters are obvious, 
and thus preparedness becomes more obvious and talking about preparedness, it is important to be prepared and 
respond accordingly. And herein lies the applicability of the paper and hence Computer Science. 
2. Methodology 
India has a fine network of Disaster Management Authorities across the states, within the districts with the 
pivotal National Disaster Management Authority at the center. On account of the political and mental diversity the 
activeness of all these authorities are not same; some of them have proved to be phenomenal while few still strive 
for proper functioning. However, the fact remains that all these authorities are well knit and can be exploited to the 
maximum in times of need. The proposed models and algorithms stand upon certain prerequisites and they are to be 
understood even before the models are proposed because it is not a system on which these algorithms would be 
implemented but a nation with billions of life at stake during a catastrophic disaster. 
 
2.1 Prerequisite 
 
India already has hazard zonation maps for various disasters. For example, India has been categorized into 
Seismic Zones II to V. The hazard and seismicity increases with each zone. However, this paper adopts a very 
different nomenclature when it comes to hazard zonation. The paper proposes dynamic zonations after the Impact 
Phase. The area which is affected the most, say the epicenter during the earthquake or the immediate coastline 
during a flood is to be named Zone 5. Moving out from Zone 5, the immediate next area with relatively less 
devastation is to be regarded as Zone 4. Moving further out towards zones of still less devastation, where damages 
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are not significant and mostly to be used as safe areas or rehabilitation camps, are Zone 3 and Zone 2. Fig. 2, 
explains this in detail, considering a flood hit area. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 2. Zonation scheme (Zone 5 to Zone 2) 
The physical extent of each of these zones would be decided by the disaster management authorities after the 
Impact Phase depending upon the extent of havoc that has been wrecked by the disaster. An added parameter to this 
model of zonation would be to have different districts in different zones. For example, say District A has been 
affected by cloud burst severely, so it would automatically be demarcated within Zone 5. The nearby districts, which 
essentially house a disaster management authority, would be demarcated within the subsequent zones based on the 
severity of the damage and loss. There can be more than one district within a single zone. 
 
Apart from zonation, resources that are used and needed during a disaster are to be categorized under four heads. 
Relief Materials would be the first category. This category would include all those resources that are necessary for 
rescue operations like rope, flood rescue boats, shovel etc. First Aid would be the second category which would 
include each and every necessary first-aid essentials for the immediate treatment of the affected people. The third 
category would be Medicines, because it is only after the immediate first-aid that one would require medicines. And 
finally, the fourth category would be Food. 
 
Coming back to preparedness, there remains a dilemma. The suggested zonation is a dynamic one that is to be 
formulated only after the Impact Phase then how can it be used for preparedness which is obviously way before the 
Impact Phase. The answer to this simple dilemma lies in the efficiency of the disaster management authorities and 
the efficacy with which technology can be used. The Himalayan belt is prone to Landslides and there are pre-
identified zones which are highly vulnerable to landslide. If ever a region is affected by landslide, its records would 
be available, may be not officially but locally. The point from which the entire episode started can be identified and 
the extent to which the devastation spread can also be identified. The point of beginning would thus become Zone 5 
and the subsequent areas would become the eventual Zones 4, 3, 2. So, for the sake of preparedness, dynamic zones 
can be modified to static hazard zones. Once this zonation has been done, the next step would be to bind the entire 
network. The authority at the center should maintain an updated list / database of resources available with all the 
authorities at various levels. Thus, we are talking about a national database of resources, categorized under the four 
specified heads, being maintained and updated at a central location. So, now we have static zonation of all the 
hazardous areas and a database of the resources that are available with the disaster management authorities in those 
areas. At this state we are prepared to witness any disaster for we have efficient algorithm to manage these resources 
in times of need. 
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3. Proposed Algorithms 
3.1 Resource management: Grab and Give Algorithm 
 
Although resources might be available, there is a tendency to over-use or under-use them. If a disaster strikes a 
very remote place, supplying the bare necessities and resources from a central point becomes very tedious, difficult 
and time consuming. To solve this problem, why not try to use the resources which are available in nearby locations, 
surrounding districts? It becomes a problem because there is no central database that maintains the record of all the 
resources available. But, that ceases to be a problem now for we have designed and prepared a country-wide 
network of such a database. 
 
In this scenario, suppose a region is affected by cloudburst, and resources are required immediately. The 
following Breadth First Search algorithm uses the database to find out the easiest and quickest way to arrange for 
the required resources from the nearby districts / district disaster management authorities. 
 
Let ‘A’ be the amount of a particular category of resource required. 
Let ‘G’ be the graph which has the disaster management authorities as the vertices and edges between them, if and only if they are 
accessible. 
Let ‘V’ be the set of vertices (resource centres / disaster management authorities) 
Let ‘colour[u]’ be a matrix to indicate the colour of a vertex. 
Let ‘pred[u]’ be a matrix to indicate the predecessor of a vertex as the algorithm proceeds with the aim of searching for the required 
amount of a resource. 
Let ‘r[u]’ be a matrix to indicate the amount of resources of a particular category available with the vertex u.  Let ‘s’ be the district or 
that region which has been affected by the disaster and requires resources. 
The algorithm proposed in Fig. 3 is to be executed at the center which has access to the database as well as to the 
different authorities at the district level. Once the central authority decides upon the quantity of resource (A) 
required at the point of distress (s), it can run this algorithm. This algorithm will use the resource data, while 
traversing the graph (district authorities as vertices) and finding out the least distance that needs to be travelled and 
the path to obtain a resource of a particular category in the required amount. This will save the tedious job of 
sending resources from the center as the locally available resources would be made use of. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 3. Grab and Give Algorithm 
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3.2 Intelligent Distribution Algorithm 
 
During the recovery phase of a disaster, resources are very often mishandled. This means that there are problems 
where the resources which are actually necessary do not reach the affected people, and there are also times when 
random stuffs are sent as recovery aid which actually is of no use. Thus, it is quite obvious that resources and aids 
are to be provided according to their need and necessity. Consider the table below. 
 
Table 1. Importance Matrix 
 Zone 5 Zone 4 Zone 3 Zone 2 
Relief Material 5 4 2 1 
First Aid 4 5 4 2 
Medicines 3 3 3 3 
Food 2 2 1 4 
 
The matrix attempts to summarize the resources used during a recovery into 4 basic categories, Relief Material, 
First Aid, Medicines and Food. The basis of categorization is not monetary because in times of sheer distress it is 
only the importance, necessity and use of a resource that actually matters. In Zone 5, as already explained, the zone 
of maximum devastation, the importance of Relief Materials like rescue equipment would be required the most, thus 
rated as 5. First aid for those who are being rescued would then become the second priority, thus 4. Medicines, the 
third priority and food would be the last because the general tendency would be to move people out of the 
devastated zone. In Zone 4, there would be no major devastation; therefore the priority would be given to first-aid 
and not relief material. In zone 3 and zone 2, the priorities are likewise and the priority of food remains at the usual 
low because in the last two zones damages are not significant and so, the rations and the food reserves of this area 
are expected to be intact or the least damaged. 
 
Now that we have decided upon the importance, it is time to ensure that proper resources are distributed to each 
zone according to their importance and for this we used a well-established algorithm, known as the 0-1 Knapsack 
Algorithm. 
During a distribution, the weight of the carrier is always a constraint, so let that be ‘W’ 
Let n be the number of items. 
Let w[] be an array that stores the weight of the resources items. 
Let v[] be an array that stores the importance of the resources obtained from the Importance Matrix. 
Let V[item, weight] be a two dimensional array that keeps track of the items and weights and the importance of that resource. 
 
The objective is to send resources with the maximum importance in each zone keeping in mind the weight 
constraint. The algorithm is as follows. 
 
Begin 
Categorize the items into one of the four categories and assign importance as per the matrix. 
for w=0 to W 
V[0,w]=0 
for i=1 to n 
For w=0 to W 
if ( w[i] <= w and V[i-1,w-w[i]] > V[i-1,w]) 
{ 
 V[i,w]=V[i] + V[i-1,w-w[i] 
keep[i,w]=1 
 } 
else 
{ 
 V[i,w]=V[i-1,w] 
keep[i,w]=0 
 } 
K=W 
for j=n to 1 
78   Repaul Kanji and Purvishkumar Patel /  Procedia Engineering  107 ( 2015 )  73 – 80 
if (keep[j,K]==1) 
output j 
K=K-w[j]; 
return V[n,W] 
End 
 
The above algorithm ensures that for a particular zone, resources are sent according to their importance keeping in 
mind the plausible distribution weight. The array keep[,] keeps track of the items to be sent. The algorithm needs to 
be run for each zone individually and so might seem a bit time consuming but that weighed against the effectiveness 
of optimum resource distribution, this algorithm is a good bargain. 
 
3.3 U Continue Algorithm 
 
The major problem that occurs in a disaster is data loss. However, that in today’s world, is not a concern because 
there has been major breakthroughs in this field and now data back-up, remote data storage and access, multiple data 
storage points are a very common phenomenon. Moreover, when it comes to cloud computing and their use, the 
practical issues of worrying about data loss has gone down to almost zero. 
 
The issue that we are mainly concerned about in this aspect of recovery planning is that, a computational facility 
or a grid should not go down during a disaster. Let us take examples of Stock Exchanges in Delhi and Mumbai. 
Both the cities are vulnerable, and if it so happens that these two are badly engulfed in a disaster, the loss of data is 
of no concern today but the very idea of these two going out of service for an hour or so can literally bring down the 
country’s financial status. Thus, the disaster recovery plan that we are going to lay down would importantly make 
sure that the grid never goes down. The Stock Exchange is just an example and the model to be proposed next can 
be extrapolated to any computational grid or facility. We use a modified version of the age old problem of dining 
philosophers as studied in distributed computing system. 
 
The idea is to distribute the computational facility and power of a single station amongst few others, say 3 other 
stations. The data to be used for the computation can be shared or remotely accessed. We also include a central 
server, Request Controller (RC) that would monitor the health of the connected stations and randomly assign any 
station to serve a request of the user. Fig. 4 below explains the setup. 
 
 
 
Fig 4. U Continue Setup 
 
Let, Station A be the primary facility located at a highly vulnerable region. Station A is to be connected to 
Station B and Station C, which are located at medium vulnerable zones (away from epicenters of past earthquakes or 
ridges in case of earthquake or away from immediate coastline in case of floods and cyclones). Station C, on the 
other hand is situated at a relatively safer place. It is only computational power that these stations share. These 
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station are connected to RC, which monitors the state of each station (waits for a disaster to strike), and randomly 
assigns a request to any station depending upon its up status. The algorithm is as follows. 
 
A user request is received by the RC and it sends a signal randomly to any one of the stations. 
 
J = Job Token; true when a station has a job to perform. 
req(u)=Token to request for processor from the neighboring stations. 
proc(u)=Token, true when a station has a processor. 
proc_used(u)=Processor Use Token, true when a station finishes its job with the processor. 
perm_req=Token; if it is true only then can a station generate a request token to be sent to the neighboring station to share the 
processor. 
 
The algorithm is as follows. 
 
R1. If a station has J, req(u), ~proc(u) -> send request req(u) to neighboring station 
R2. If a station has ~J, req(u), proc_used(u) -> share the computation / processor with the requesting station. 
R3: If a station receives a request from a neighboring, req(u)=true 
R4. If a station is granted a processor by a neighboring station, proc(u)=true 
R5. If a station receives a request from RC, 
       J=true, perm_req=true. 
R6: For a station, if (perm_req==true), only then the station can generate req(u). 
R7. When a job is finished successfully by any station, 
       J=false. 
      proc_used(u)=true. 
      Send job completion signal to RC.  
 
This algorithm like any other dining philosopher problem algorithm is deadlock free and thus ensures that request 
from the RC and hence the user will be served eventually. Moreover, this algorithm ensures that at least one system 
is always up to maintain the grid at any time, because the RC will not send request to a station which is down and 
not working. Thus the problem of maintaining a grid during a disaster is solved and the technological advancement 
of this era has already solved the problem of data loss and data recovery after a disaster. 
4. Future Prospects and Conclusion 
    Each of the algorithms holds immense potential and transparency. For example, instead of running the Grab and 
Give algorithm each time for a single category of resource, the ‘r[]’ matrix can be made two dimensional, r[u][1, 2, 
3, 4] which would indicate that the vertex ‘u’ has a some amount of resource of category ‘1’. 
While putting the adjacent vertices within the queue, modifications can be made to ensure that the first to enter the 
queue is a vertex that is nearer to the parent vertex. That is the process of entering a vertex into the queue would be 
based on the distance of the vertices. This would actually provide a fast, shortest path solution of resource 
arrangement and hence management. Facilities like real-time resource data update at the various nodes / resource 
centers / disaster management authorities, would make this algorithm more sensible and accurate. 
    In case of the Intelligent Distribution Algorithm, a prolonged study of the resources required during the Recovery 
phase can lead to the development of some statistical equation which would accurately enumerate the importance of 
the resources as it has been done to some extent. The algorithms are a mere proposition and it always depends upon 
the authorities whether they want to adopt it or not. Moreover the algorithm is not stringent and modifications are 
welcome, for the sole reason of this paper is to ensure efficient management, recovery and aiding in times of great 
need and catastrophe in developing nations like India. 
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